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PULMONAR Y DELrVERY QF ACTTT^ 
FRAGMENTS OF PARAT^ qtd HOPMnWTC 
BRCKGR OUMD OF THE INVENTTnw 
Field of the Tnwnt-ir,n 

The present invention relates generally to 
methods and compositions for systemic administration of 
parathyroid hormone to mammalian hosts. More 
particularly, the present invention relates to pulmonary 
administration of active parathyroid hormone fragments to 
provide pulsatile serum concentration profiles. 

Human parathyroid hormone (PTH) is an 84 amino 
acid protein that is involved in calcium and phosphorus 
homeostasis and control of bone growth and density, n- 
terminal fragments of PTH, particularly those consisting 
of amino acids 1-34 and 1-38, retain the full biological 
activity of the intact protein. Recently, the use of PTH 
and PTH fragments in combination with vitamin D or 
dietary calcium was found to be effective in the 
treatment of osteoporosis when administered to a host on 
a periodic, preferably daily, basis. 

Heretofore, the administration of PTH and PTH 
fragments has generally been accomplished subcutaneously, 
i.e., through injection. The need to inject PTH (or any 
other drug) on a daily basis, however, is undesirable. 
Most patients have an aversion to self -injection of 
drugs, and the need to visit a clinic or doctor's office 
for administration is inconvenient and burdensome. While 
other forms of administration have been suggested, such 
as oral delivery to the stomach, transdermal delivery, 
and nasopharyngeal absorption, none of these delivery 
routes has been proven to be effective and each suffers 
from certain drawbacks, oral delivery results in very 
low bioavailability of polypeptide drugs, usually below 
1%, due to degradation in the gastrointestinal tract. 
Moreover, th® ®pith@lial lining of the gastrointestinal 
tract is impermeable to most polypeptides » 
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Nasopharyngeal and transdermal delivery avoid the 
problems of enzyme degradation, but usually require 
penetration enhancers in order to effect systemic 
absorption. Even with such penetration enhancers, 
bioavailability will usually be very low, and the 
penetration enhancers can often cause undesirable 
irritation, m the case of nasopharyngeal 
administration, penetration enhancers can often damage 
the nasal epithelium and chronic use has been associated 
with hyperplasia of the nasal lining. 

Pulmonary or respiratory delivery of 
polypeptide drugs has also been suggested. Relatively 
large proteins, such as growth factors and cytokines 
which are typically larger than 150 amino acids, are 
often readily absorbed through the cellular lining of the 
alveolar region of the mammalian lung. Advantageously, 
such absorption can be achieved without the use of 
penetration enhancers. The pulmonary absorption of 
smaller proteins, usually below 100 amino acids in 
length, is much less predictable. Many smaller native 
polypeptides are not absorbed by the mammalian lung, but 
certain examples such as insulin (51 amino acids) and 
calcitonin (32 amino acids) have been found to be 
systemically absorbed when delivered to the lung. Even 
when a protein drug is systemically absorbed by a host 
through the lung, the pharmacological-kinetics of the 
drug are xmpredictable . Thus, both the amount and timing 
of drug bioavailability are unpredictable. 

It is presently believed that PTH is most 
effectively delivered to a patient in a pulsatile 
fashion. That is, serum concentrations of PTH should 
rise rapidly after administration and fall rapidly after 
a peak has been reached, generally resulting in a spike 
an the serum concentration profile. Thus, it is 
advantageous for any route of PTH delivery to provide 
sueh a serum eeneentration profile. 
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For these reasons, it would be desirable to 
provide alternative delivery methods for parathyroid 
hormone which are patient acceptable, such methods 
should avoid subcutaneous injection, limit irritation to 
the skin and body mucosa, and provide a desired pulsatile 
delivery profile discussed above, such methods should 
further provide for high levels of pth bioavailability 
be amenable to self -administration by the patient, and 'be 
economic. 

^' Degerlpti.on of fch q BaelcerraiiTirt iLr-t- 

a.S. Patent Nos. 4,833,125 and 4,698,328 
describe the administration of active parathyroid hormone 
fxag;nencs in combination with vitamin D or a dietary 
calcium supplement. Suggested administration routes 
xnclude parenteral by injection, rapid infusion, 
nasopharyngeal absorption, dermal absorption, or oral 
See also, Neer et al. (1987) Osteoporosis 53:829-835." 
U.S. Patent No. 5,011,678, describes the use of 
amphophilic steroids as a penetration enhancer for nasal 
or bronchopulmonary delivery of proteins and 
polypeptides, listing parathyroid hormone as one of a 
"veritable host" of proteins which could be delivered 
with the enhancer. Parathyroid hormone (full length) is 
secreted naturally from the parathyroid gland as a series 
of spikes in a pulsatile fashion which is analogous to 
pxtuitary hormones- (Harms- efai. (1987)-intT-Symp-.-on 
osteoporosis, Aalborg, Abstract 232). The full length 
hormone is rapidly broken down in the circulation to 
several fragments which are the dominant serum forms, it 
is hypothesized that an intermittent or pulsatile 
secretion pattern for parathyroid hormone is necessary to 
maintain its bone restoring properties (Hesch et al. 
(1988) calcif. Tissue Int. 42:341-344 and Habener et al. 
(1971) Proc. Natl. Acad. Sci. USA 68:2986-2991). Patton 
and Platz (1992) Adv. Drug Deliver. Rev. 8:179-196 
describe ^athods for delivering proteins and polypeptides 
by inhalation through the deep lung» 
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SUMMARY OP TW E TWVEWTTnw 
According to the present invention, methods and 
compositions for the systemic delivery of parathyroid 
hormone (pth) to a mammalian host, particularly a human 
patient suffering from or at risk of osteoporosis, 
provide for a preferred pulsatile concentration profile 
Of the PTH in the host's serum after administration, in 
particular, the methods of the present invention rely on 
pulmonary or respiratory delivery of a biologically 
active N-terminal fragment of PTH, where delivery of the 
fragment through the alveolar region of the lung results 
m a rapid concentration spike of PTH in the host seram 
followed by a quick decrease in concentration. 
Surprisingly, pulmonary delivery of intact PTH protein 
under the same conditions will result in a relatively 
constant serum concentration of Pra over an extended time 
perxod. The ability to obtain the desired pulsatile 
serum concentration profile by pulmonary delivery of the 
PTH fragments, in contrast to the delivery of intact PTH 
could not have been predicted with any degree of 
certainty prior to the work reported herein. 

According to an exemplary embodiment, the 
method Of the present invention comprises dispersing a 
preselected amount of the PTH fragment in a volume of gas 
to produce an aerosolized bolus. The PTH fragment 
usually-consists of the N-terminal 34 or 38 amino acids 
of the PTH molecule (but may be an N-terminal fragment of 
any sxze which displays. the desired pharmacokinetic 
profile, usually being 50 or fewer amino acids) , and the 
dispersion may be produced by introducing a dry powder of 
the fragment into a high velocity gas stream, by 
nebulizing a liquid solution or suspension of the 
fragment, or by releasing a propellant containing the PTH 
fragment through a 'nozzle. The patient then inhales the 
aerosolized bolus through the mouth and into the alveolar 
ragxon of the lungs. By repeating the dispersing and 
inhaling steps a sufficient number of times, a desired 
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total dosage of the PTH fragment can be delivered to the 
patient. 

Pharmaceutical compositions according to the 
present invention include dry powder formulations where 
the PTH fragment is present as a powder having a mean 
particle size in the range from 0.5 Mm to 5 /zm in a 
pharmaceutically acceptable dry bulking powder, where the 
PTH is present at from 1% to 10%. A pharmaceutical 
composition suitable for nebulization comprises the 
biologically active fragment of PTH present in an aqueous 
buffer at pH 4-6 in a concentration in the range from 
1 mg/ml to 20 mg/ml. Pharmaceutical compositions 
suitable for propellant dispersion comprise a powder of 
the PTH having a mean particle size in the range from 
0.5 fin to 5 Min present in an aerosol propellant. 

In addition to the preferred pulsatile 
pharmacokinetic serum profile of the PTH fragments, the 
methods and compositions of the present invention provide 
a high level of patient acceptability. PTH 
administration does not require injection and can be 
self-administered by the patient on a daily basis 
usually without complications such as those associated 
with transdermal and intranasal delivery. The methods 
and compositions of the present invention also provide 
for a high level bioavailability of the pth, and are 
economic. 

^RIEF DESORIPTIOM the npatgn^^B 
Fig. 1 is a graph illustrating the serum 
profile over time of PTH34 administered intravenously and 
mtratracheally to rats, as described in detail in the 
Experimental section hereinafter. 

Fig. 2 is a graph illustrating the serum 
profile of PTH84 administered intravenously and 
intratracheally to rats, as described in detail in the 
Experimental section hereinafter. 
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DESCRIPTTQW OF SPECTPTC EMBOnTMPWTfl 

Parathyroid hormone (PTH) is delivered, to a 
mammalian host by inhalation into the alveolar region of 
the host's lungs. The cellular lining of the deep 
mammalian lung is extremely thin (O.i /im) and has been 
found to be naturally permeable to both full length PTH 
and certain biologically active and N-terminal fragments 
of PTH, as described below. Surprisingly, however, such 
pulmonary or respiratory delivery of the PTH fragments 
only (and not the full length PTH) has been found to - 
provide a desired pulsatile serum concentration profile 
of the PTH, as is believed to enhance the biological 
activity of the PTH, particularly when treating' 
osteoporosis. 

Thus, the present invention provides for the 
pulmonary or respiratory delivery of biologically active 
N-terminal fragments of PTH by inhalation by a patient 
through the mouth, where such fragments have a size which 
is less than that of full size native human PTH (human 
PTH is 84 amino acids) and which results in a pulsatile 
serum concentration profile characterized by a rapid rise 
to a peak and followed by a rapid fall. The pth 
fragments will preferably be fragments of human PTH (or 
recombinantly produced polypeptides having the sequence 
of human PTH), typically including up to about 50 amino 
acids from the-N-terminus-of the PTH molecule, more 
preferably consisting of either amino acids 1-34 or amino 
acids 1-38 of human PTH, as sat forth in Table 1 below. 

Useful biologically active fragments of PTH 
also include chemically modified parathyroid hormone 
fragments which retain the activity associated with 
parathyroid hormone. The necessary activity is the 
stimulation of bone formation. Modifications that may be 
considered include: 

(1) PTH fragments with carboxyl amino acid 

extensions beyond position 34 (but usually not 
beyond position SO) of the human PTH molecule, or 
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aminoterminal extensions, or amino acid 
substitutions that produce other desirable features, 
such as an alpha-carboxyl amide at the carboxyl 
terminus. A desirable modification would enhance 
activity in vivo, 

(2) PTH fragments extended to include amino 
acids 1-38, Which would enhance receptor binding and 
hence the activity per mole. 

(3) PTH fragments chemically modified so as to 
enhance through absorption through the alveolar 
region of the lung. 

(4) Physiologically acceptable salts and 
esters of FTK fragments. 

A PTH fragment obtainable from a mammal is 
generally preferred over other types of parathyroid 
hormone fragments, such as derivatives. Use of a PTH 
fragment consisting of the first thirty-four amino acid 
residues of human parathyroid hormone (hereafter 
abbreviated "PTH34..) is especially preferred for use in 
humans, other preferred PTH fragments are those which 
display some or all of the following desirable features: 
increased potency with regard to the necessary activity 
increased ease of administration, increased selectivity' 
to decrease potential side effects, and decreased 
antigenicity in humans to avoid an adverse immune 
response. PTH fragments-moiecules- having the sequences 
1-34 or 1-38 of Table 1 are particularly preferred: 

' 5 

H/l _ S.r — Vl — B« — Glu — lU — Gin — Uu Me, — Hi. _ 
" 16 



A.„ — L.U — CSly — Ly. _ HI. — Uu — A.™ — S.r — M„ — eiu — 
2« 25 

Ar„_V.,_0.u_Tn>-Uu_A^_Lv,-Ly._Uu~OI„_ 

3» 35 

Acp — Vol — Mio — Aen — Pho — Val — Alo — Lou — &v — COOH 
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The preferred PTH34 and PTH3 8 fragments nay be 
obtaxned conanercially fro» suppliers such as Peninsula 
Laboratories, inc., Belmont, CA; Sigma Chemical Co., 
St. Louis, MO; Bachem California, Torrance, CA; and 
others. Alternatively, the PTH fragments may be produced 
recombmantly by expression in cultured cells of 
recombinant DNA molecules encoding the desired fragment 
of the PTH molecule. Suitable recombinant expression 
syst^s and methods are veil described in the literature, 
see, for example, Manniatis, Afoieealar Cloning: A 
Laboratory Manual, Cold Spring Harbor, New York 1982 
The DNA molecules which are expressed may themselves be 
synthetic or derived from a natural source. Synthetic 
polynucleotides may be synthesized by well-Jcnown 
techniques, for example, single-stranded DNA fragments 
may be prepared by the phosphoraminite method first 
described by Beaucage and Carruthers (1981) Tett 
Lett 22:1859-1862. A double-stranded fragment may then 
be Obtained either by synthesizing the complementary 
strand and annealing the strands together under 
appropriate conditions, or by adding the complementary 
strand usxng DNA polymerase with an appropriate prW 
cZlT\.'^^ P-P-ation Of synthetic DNA seguLes is 
conveniently accomplished using automated equipment 
available from suppliers, such as Applied Biosystems, 
Inc., Foster city, California^-- 

The PTH fragments will be formulated in 
Pharmaceutically acceptable compositions suitable for 
pulmonary or respiratory delivery to a mammalian host 
usually a human host at risk of or suffering from 
osteoporosis. Particular formulations include dry 

neTul"'.''""'' °" -^pensions suitable for 

nebulxzatxon, and propellant formulations suitable for 

ZnlZllT '""''^'^ P-Paration of 

such formulations xs well described in the patent, 

descl f"' ..d medical literatures, and the following 
descriptions are intended to be exemplary only 



wo 94/07514 



PCr/US93/09270 



Dry powder formulations will i■^7r,i^^^^ 

the PTH ^*-=. ^ . o»-J.ons wiij. typically comprise 

P2« fragment m a dry, usually lyophilized fn^ , -1 
a particle esi^a rr^*.^.^ Jf^i^a-LJ-izea, .form with 

variety of conventional techniques, such « jet-nilUno 
=pray-a:yin,, solvent precipitation, and the iL 
P=W«3 can then he administered to the patient^ 

ZZl lT '-^^^^ (OPX.s/thatte the 

patienfs inspiratory breath through the device to 

ar::::narjr!.!!.^.---- — - 
aerosol clou;:"-; ;rtrxr!:L=:rd;':r - 

:~,:ror""^" aPPU-ion'serial 

er 07/910,048, assigned to the assignee of the 
present invention, the full disclosure » vhiH 
incorporated herein by reference. 

»ass in thelnoTr ""^'^ '^"'"^ = 

in -cne range from about 1 m to in tnrr 4. 

Single aerosoli.ed dose ..p^f,,:! \\„"e"i:~- ' 
nount, as discussed below, the PTH powder will 

^ i^uwaer, with the PTH present usual! v * 
about 1% to inar -K,, • • usually at from 

ihClude suLse <^^"lWng powders 

include celloMosr JT" '"^ 
uue ceiiobiose, dextrans, maltotriose 

citrate, sodium ascorbate, »™ a^d ;,rite 

'SPically, suitable buffers and salts nay^ us^d to 

l^lZ^lZlTTtr " ^"""^ ------- 

acetate, «d t" s^^' " ^ """'"'^ 

about 5 ™ to so ™ . "TT concentrations froe 

chloride S-ltable salts include sodium 

cniorlde, sodium carbonate, calcium ,.hi™-^ 

ll*a. Other additives su^ !i T, ' ™* 

icives, such as chelating agents. 
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10 



peptidase inhibitors, and the like, which would 

onle i?L' activity o£ the PIH .„^ent 

once It IS dissolved within the lung would be 
appropriate. For eMMple, ethylenediaBinetetraaoetic 
acd (^», would be useful as a chelator fTarvaie^t 
cations Which are peptidase cotactors. "^^^^"^ 
• "'"^ formulations of pth fragments for use in 

ifj; ™ Of fro. about 1 Mg/„i to 

and Itte^'at'"'' "^'"^ — 
and citrate, at concentrations of 5 m to 50 «. ihese 

a^eLlTa::L"Z!:~' P^.-Ologlcan. 
.ethlo^lnes ^i^;;^^:Z^ o^^^rother 
exponents .ay be added to enhance or «,lntain IL^Z 

illblf "^^l-W-S agents, protease • 

inhibitors, isotonic modifiers i.,.,^ 
■ llfc. » ■ - "ooiriers, inert gases, and the 

like. A preferred type of nebulizer suitable for 
delivering such liguid formulations Is described in 
copending application serial number 0,/,lo"« ^h" 

.tl—er'lf^^ — 

For use in MDI's, the PTH fragments of th. 

smracie aerosol propellant, such as a chin,.«^i 

^^c, or a hydrofluorocarbon <H.C, Suit^L c^T^"" 

include trlchloromonofluoromethane (propellent u. 

aichlorodifiuoroaethane (propellant 15^ c ^ 

include tetrafluoroeth J',„.'c-X :id """^'^ 
neptaf luoropropane (HFc-227) . 

Preferably, for incorporation ir^-r. ^.u 
propellant, the PTH fragments Tf Jl 
viTi K« ^^^^menzs of the present invention 

d— ^rs:r 

euspended in the propellant tv^i^T, ""'"'^ ^hen 
a surfactant to enhance th^Xltr^™ 
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s^factants Include oleic add, scrbltan trioleate, and 
various Ion, chain dlglycerides and phospholipids. 

such aerosol propellant formulations may 
further xnciude a ao»er alcohol, such as ethanol ,up to 
30% by wexght, and other additives to maintain or eLnce 
Chemical stability and physiological acceptability 

Pulmonary or respiratory administration of Pra 
^agments according to the present invention will be 
useful rn the treatment of osteoporosis, where the PIH 

fragment will be administered in combination with 
vitamin D calcitonin, and/or dietary calcium supplements 
such treatment methods are well described in u.s p"! 

4,«s.3.a and 4.833,125, the disclosures of whi^ 
have previously been incorporated herein by reference 
for . ""T »«<>«li^«i dosage of PTH fragment 

range L T"' " ""1 typically Z in 

being in the range from about 250 ^, to lOOO per day 
Such dosages will result 

» will result in a total systemic availability 
(i.e., amount which is delivered to the blood) in the 
range from about 50 iig to 500 ac ^ 
100 ua t« " ^ "="ally from 

100 to 250 per day. Precise dosages will of 

pT": °'' °^ particular 

PTH fragment or analog employed, and other known 

P^rmacokinetic factors. Osually. the total dosage of 
PTH fragment will be delivered in a plurality of Larate 
aerosolised doses, typically being at least two a^^""^ 
Often being from three to ten, where each aerosoUz^ 
bolus contains from 5, .g to 500 .g of the p™ fra^t. 
to ^H /""""^"V "^"very of PTH fragments according 
to the methods of the present invention has been found to 
^ovide a desired pulsatile serum concentration pro^e 
^= pulsatile serum ^ fragment concentration proffle 
will treically peak within 30 minutes after 
administration, with serum concentrations falling 
rapidly, typically to below so* of ma=claum «lthi„ 30 



wo 94/07514 



PCr/US93/09270 



12 

Tin:' "^^^ """" " ~s c. 

ttat a total tosag. of pi„ fragment within the above 
range can be achieved vith one or ,^re aerosolized 
boluses „h.ch are to be Inhaled by the petient. 
jypically, the active PTH fragment vUl be present at 
fro. about 1* to 25* by weight of the po„d J, „i^ 

powaer. Hijuia formulations suitable for use In 
":!l'rr.'i?^^"'' • concentration of the PTH 

Tr"^' °' "^""^^ "'"i'' "-''-^ to 

The a«o!^r ""'^ »1 t° 1 -1. 

»x at lutTr ""1 delivered by 

HDI at about 0.5 »g to 5 mg of PTH fragment per aerosol 
dose Because of the Inefficiencies of MDI L"lceT oniv 
a small portion, typically in the range of 5, tHo; of 
the drug will r^o^r^K. *-u ^ ^ ^Q^, of 

Of the IZ fLZTt - " -"«i°i««t amount 

r tihe PTH fragment can be delivered in froa two to fiv. 
aerosolized boluses, with about i „.g of the PTH f rl^ ! 
in each of the boluses. fragment 

illustr.^-'"''^ following examples are offered by way of 
Illustration, not by way of limitation. ^ ^ °^ 

EXPERTTifRlOTiaT. 

Materials awrt M^«-i|riiT 

w«« . human parathyroid hormone (PrH84) 

was Obtained from Peninsula Laboratories „ f ^ 

California (Lot Ko 80092^^ oratories, inc., Belnont, 
(amino acids 1-34) of h '^-^-^W fragment 

was Obtained Ir- . Parathyroid hormone (ptH34) 

was Obtained from Sigma Chemical Co ^i- r^,, . 
(Lot No. 098F48052). ^^^^^^^i 

Rats (approximately 300-320 g) were oy,+-.<^ ^ 
from Simonsone Labs, Gilroy, CA. '^'^^'^ 

PI1I84 and PTii34 were administered to rats 
intravenously (.V) and intratracheally (XT) suspended in 
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100 ul Of 20 m citrate buffer pH s n 
for IV administration of pthb/ fnn ' 
administration of PKi84 25 ! / ' 
P^H34, and 100 ,g for '1, !' "'^^"-^-tion of 
^ - a^inistratio! pL^^^^^^^^^^ 

incision in the medial neck r.m ^ 
trachea. The polypeptidr . ' "'^""'"^ 

the trachea usLg"! X^uUn" ^"^^ 
needle over appro.imatt; onrmw"'^ '''' ^ '^"^^ 
rat was held upright durfn 1 ^''^ ^^"'^ °^ the 

- - 

int«v.l. a^:^^,:"!^"^^^ ^« "H^^' periodic 

SM.P1GS were diluted as nece raH53-84. 
concentrations. eoessary to obtain measurable " 

rnstru.ent'':re;~ ^'^^ ™" "^tb «obols 
with no cross-reactivitT T" ™ ""^'^^ 

- -essar. .o cbtal, measurable o^'Zntattn^"""^ 

The serum profiles of ptvi-^a =. ^ 
following IV and It administratll '''''''' " "^'^^ 

and 2, respectively. The absoiT " 
m34. Which indicLs le f ^-availability of 

ad.i.istered ^or^onXT^^TlTlV^^^^^^^^ 
40%. The absorption proflL Tl ^^°"t 
at 15 minutes with actLty dlm^ ^ 
thereafter This i '^^^'^nishing rapidly 

subcutaneous injectLn'^'iT.''".*'*'' «^ter 
intratracheal dose, el^iibL^d^'.^-^^ ^ ^ 
profile, instead of a spike I Tl ^^^^-rent absorption 
occurred that did not di^i-n-s \ P"^^^^^" in serum levels 

- Minutes Of the e;erW ZT'^'"''' '"^'^^ 

The bioavailability of 
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PTH84 at 90 minutes was about 

«aa aooux: 23 i (as measured bv the 

V sustained release absorption profile suggests that 
seru. level. „oul. have persisted for longer tLl 
Although the foregoing Invention has been 
desoribed m detail for purposes of olarlty of 
understanding. It „lii be obvious that oerTaln 
■.edifications be practiced within the scope of th. 
appended olaiiis. ^''^ 



10 
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IbI S?^^r'oL'°^^%irj^^^^^^ crew 

(C) CITY: San FranSSco ' ^^^"^^^ ^ower. Suite 2000 

(D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94105 

(V) COMPUTER READABLE FORM- 

(A) MEDIUM TYPE: Floppy disk 

(») S0PTK«., Patentl/Se?2r,??=. version .X.a5 

(VI) CURRENT APPLICATION DATA- 

/«) ^fi'5^^'^^°N NUMBER: 'us 07/953 397 
(B FILING DATE: 29-SEP-1992 
(C) CLASSIFICATION: 

(Viii) ATTORNEY/AGENT INFORMATION- 
(A) NAME: Heslin, James M.' 

REGISTRATION NUMBER: 29.541 
fC) REFERENCE/DOCKET NUMBER: 15225-3 

(ix) TELECOMMUNICATION INFORMATION- 
A TELEPHONE: 415-326-2400 
(B) TELEFAX: 415-326-2422 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS- 

fA) LENGTH: 38 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

^ ^ ^0 15 



Asn 



^.^ .... ..u .rg val Glu Trp Leu Arg Lys Lys Leu Gin Asp Val 



^0 25 

30 



Asn Phe Val Ala Leu gIv 
35 ' 
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WHAT IS CLAIMRn Tg . 



1. A aethod for pulsatile systemic delivery 
of an active fragment of parathyroid hormone (PTH) to a 
mammalian host, said method comprising: 

inhalation through the mouth by the host of a 
dispersion of an N-terminal fragment of PTH having a 
length which results in a pulsatile serum profile 
characterized by a rapid rise followed by a rapid fall 
after a peak has been released. 

2. A method as in claim 1, wherein the PTH 
fragment has 50 or fewer 

3. A method as in claim 1, wherein the PTH is 
a fragment consisting essentially of amino acids 1-34 or 
1-38 of Table 1. 



4. A method as in claim i, wherein the total 
dosage of PTH fragment is in the range from loo to 
2,000 fig per day, resulting in systemic availability in 
the range from 50/ig to 500 jug per day. 

5. A method as in claim 1, wherein the PTH 
fragment dispersion comprises a dry powder including a 
bulking agent. 

6. A method as in claim 1, wherein the PTH 
fragment dispersion comprises a nebulized liquid solution 
or suspension of the PTH fragment. 

7. A method as in claim l, wherein the PTH 
fragment dispersion comprises a dry powder and an aerosol 
pr open ant. 
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patient, said method comprising: 

thePTHfr..™ ''^^^^"^"^ ^ P^^^^l^^ted amount Of 

the PTH fragment xn a volume of gas to produce an 
aerosolized bolus; Proauce an 

the natien^ ^^^^^"^ the aerosolized bolus by 

the patient through the mouth and into the alv«„,,. 
i.«yion Of the lungs; and " 



fragment is delivered 

10 

: c 

1-38 Of Table 1. 



10. A method as in claim a ..v 

a fragment consisting essentLllv 1 "^'^ 
1-38 Of Table 1. ^^^^"tially of ammo acids i>34 or 

11. A method as in claim 9, wherein tho 
aerosolized bolus contains from about 50 ugtr To 
PTH fragment and the total dosage is frl ab ^ °' 
2,000 per dav ro«„i*.- '"ST to 

/^g per day, resulting in systemic availabilitv in 
the range from 50 Mg to 500 ,g per day. '"'^^"'"^^ ^" 

12. A method as in claim 9, wherein tho 
aerosolized bolus has a volume in the rlnrrT 
750 ml. ^^"5® f^oo 10 ml to 

14. A method as in claira o 
fragment comorl^^^ ^ ' wherein the Pth 

comprises a dry powder present in a bulking 
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agent, and dispersing co:nprises introducing the dry 
powder anto a high velocity gas stream. . 

framn^n^ "^^^'^ ^" ^^^^"^ ^' "^^^^i" the PTH 

dLp^rsL""'""' ' °^ suspension, and 

dispersing comprises nebulization of the liguid. 

fragment comprises a liquid or powder present in a 
propellant, and dispersing comprises releasing the 
propellant through a no..le to produce the dispersion. 

3.7. A method as in claim q ^^ii>.^-u-. . . 

particulate size in the range fro. 0.5 «m to 5 um- and . 

iTZTst'^' rr^'' ^ Po-aer/^erel" 
tae PTH IS present at fro» 1% to 2S* by weight. 

19. A phariBceutical composition as in 
claiM 1 , Wherein the hulking powder is conpose. of a 



bi«in • ^o'^Posltion comprising a 

b.ologxcally active N-terminal fragment of paraLyroid 
hormone (PtH) present as a powder havln« . ! ^"""^^ 
size in fowaer naving a mean particle 

size in the range fro. 0.5 to 5 present in an 
aerosol propellant. 
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21. A pharmaceutical composition as in 
claim 20, wherein the aerosol propellant is a 
chlorofluorocarbon or a hydrofluorocarbon. 

22. A pharmaceutical composition suitable for 
nebulization, said composition comprising a biologically 
active fragment of parathyroid hormone present in an 
aqueous buffer at pH 4-6 and a concentration in the range 
from 1 mg/ml to 20 mg/ml. 

23. A- pharmaceutical composition as in 
claim 22, vherein the buffer is selected from the aroun 
consisting of acetate, ascorbate, and citrate, each at' 
5 mM to 50 inM. 
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